The aim of this study was to determine the changes in some physicochemical properties of olives (fruit weight, water content and oil content) and olive oils (total chlorophyll, carotenoid, pheophytin a, peroxide value and free acidity), and in the chemical properties (fatty acids, tocopherols, phenolics, oxidation stability and volatile profiles) of oils during ripening.
Virgin olive oil is consumed directly in its raw state among vegetable oils. It has a unique characteristic aroma and strong oxidative stability, which are due to the presence of minor components, mainly volatile and phenolic compounds. Volatile compounds are mainly responsible for the aroma, whereas phenolic compounds affect both the taste and especially the oxidation stability of virgin olive oil.
Many researches (PaPadOPOulOS & BOSkOu, 1991; anGerOSa et al., 1995) have showed the importance of the total or individual phenol contents with regard to olive oil stability. Hydroxytyrosol and its oleosidic forms, protocatechuic and caffeic acids, from virgin olive oil showed antioxidant activity in refined olive oil (PaPadOPOulOS & BOSkOu, 1991) .
Virgin olive oil has a unique aroma, which is the result of a complex of volatile compounds, such as aldehydes, alcohols, ketones, hydrocarbons and esters. Most of them are created through the lipoxygenase pathway from fatty acids. Among these, C 6 compounds, the major components of virgin olive oil volatiles, mainly contribute to its green odour notes (kalua et al., 2005; kandyliS et al., 2011) .
* To whom correspondence should be addressed. Phone: + 90 374-2534640; fax: +90 374-2534558; e-mail: mustafakiralan@yahoo.com Phenolic and volatile compounds can vary, depending on cultivar, pedoclimatic and cultural practices, as well as the ripening stage. The composition changes during ripening and this influences the perception of sensory qualities. Several studies have already been carried out with the aim of describing the differences of the phenolic and volatile compounds of olives at different ripening stages. Studies on the change of phenolic compounds according to olive ripening have indicated that the concentration of phenols increases to a maximum level at the certain pigmentation stage, and then decreases sharply as ripening progresses (MOnteleOne et al., 1995) . Gutiérrez and co-workers (1999) and rOtOndi and co-workers (2004) found a decrease in total phenol content of olive oils during ripening. However, major aldehydes, (E)-2-hexenal and hexanal, which are responsible for the green attributes in virgin olive oil, decreased as ripening progressed (GóMez-riCO et al., 2006) .
There is limited published information on the phenolics and oxidation stability of Turkish olive oils and no information about volatile compounds of Turkish oils (OCakOGlu et al., 2009; dOlGun et al., 2010) and the effect of ripening on oxidation stability, phenolic compounds, and volatile compounds of Gemlik olive oil has not been studied. The objectives of this study were to evaluate the changes in some physicochemical properties of olives and olive oils, and chemical properties of oils, especially on contents of fatty acids, tocopherols, phenolics, oxidation stability and volatile profiles of oils from Gemlik olive cultivar, used in olive oil processing in Turkey, during ripening.
Materials and methods

Materials
1.1.1. Fruit harvesting and processing of olives. Gemlik cultivar was chosen, because most young trees planted in most regions in Turkey were of this cultivar. Olive fruits were selected according to uniformity of size and absence of defects and were picked at three timepoints (unripe, ripe and overripe) according to maturation index from Antalya (West Mediterranean). At each sampling, 3 kg of olives was processed at a low scale experimental olive mill (Hakki Usta Ogulları, Aydin-Turkey) equipped with a hammer crusher, a vertical malaxator and basket centrifuge. Malaxation (mixing) temperature was set at 32 °C, the olive paste temperature was approximately 27 °C, and the duration of malaxation was 45 min. The obtained oil was filtered using anhydrous sodium sulphate and cotton. The filtered oils were stored in amber glass bottles at +4 °C without headspace until the time of analysis. All extractions were done in triplicates for the different ripening indices of each sample and the results were averaged.
Methods
Ripening index (RI).
Samples of olives, 100 fruits for each sample, were taken at random, classified into the categories below, and homogenized prior to extraction: 0. olives with epidermis intense green or dark green, 1. olives with epidermis yellow or yellowish green, 2. olives with epidermis yellowish, with reddish spots or areas, 3. olives with epidermis reddish or light violet, 4. olives with epidermis black and pulp totally white, 5. olives with epidermis black and pulp violet to the midpoint,
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6. olives with epidermis black and pulp violet almost to the pit, 7. olives with epidermis black and pulp totally dark. With a-h being the number of fruits in each category, the RI is calculated as follows: RI= (a×0+b×1+c×2+d×3+e×4+f×5+g×6+h×7)/100 All ripening indices were determined in triplicate for each sample and the results were averaged.
Physicochemical properties of olives.
Fifty random fruit samples were evaluated for all physical analysis. Samples were fresh weighted and then dried to constant weight in a ventilated oven at 105 °C to measure water content and dry weight. Oil content was determined by Soxhlet extraction, using hexane on homogenised flesh of olives dried in an oven at 105 °C. All parameters were determined in triplicate for each sample and the results were averaged. 
Determination of chlorophyll and carotenoid pigments.
A sample of 7.5 g of oil was weighed exactly, dissolved in cyclohexane, and taken to a final volume of 25 ml. The chlorophyll and carotenoid fractions in the absorption spectrum were determined at 670 and 470 nm, respectively (MinGuez-MOSquera et al., 1991) . Pheophytin a (as Pheo α) was calculated as described by POkOrny and co-workers (1995) . Results are given as milligrams per kg of oil. All analysis was carried out in three replications and the results were averaged.
Determination of total phenols, antiradical activity and oxidation stability.
Phenolics of the olive oil samples were isolated from a solution of oil extract in hexane by triple-extraction with water:methanol (80:20, v/v). The total phenols (TP) content of the extracts was determined according to the Folin-Ciocalteu spectrophotometric (T70+UV/VIS spectrophotometer, PG Instruments, England) method at 765 nm (SinGletOn & rOSSi, 1965) , using a gallic acid calibration curve (r 2 =0.999). The results were expressed as milligrams of gallic acid per kilogram of oil.
The antiradical activity was measured by using the 2,2-diphenyl-1-picrylhydrazyl-(DPPH•) radical scavenging method according to dOrMan and co-workers (2003) and the results were given as % of inhibition.
Oxidation stability test was performed using the Rancimat equipment at 110 °C (Metrohm Ltd, Herisau, Swiss) with a continuous air flow of 20 l h -1 passing through the samples. The inflection point of the curve was assigned as the induction time and given in hours.
All spectrophotometric analysis above was repeated three times for each type of extract and the results were averaged.
Determination of fatty acid composition.
The fatty acid composition of the oil was determined by gas chromatography (GC) as fatty acid methyl esters (FAME). FAME were prepared using saponification/methylation with potassium methylate. The samples were analysed using a Perkin Elmer Autosystem XL gas chromatograph, equipped with a fused silica capillary column, Cp WAX 52 CB (50 m length × 0.32 mm i.d ×.1.2 μm) and coupled with a flame ionization detector (FID). Carrier gas was helium at a flow rate of 15 cm s -1 ; split ratio was 1/20 ml min -1 . Injector and detector temperatures were 250 ºC. Column temperature was set up according to the following temperature programme: 60 ºC, hold for 4 min; 4 ºC min -1 up to 175 °C; hold for 27 min; 4 ºC min -1 up to 215 ºC; hold for 5 min; 4 ºC min -1 up to 240 ºC. FAMEs were identified by comparison of their retention times with those of the reference standards (Sigma-Aldrich Chemicals 189-19). The content (percentage by weight) of fatty acids was calculated from their corresponding integration data. All methylations and chromatographic analysis was carried out in three replications and the results were averaged. and the injection volume was 10 μl. The data were integrated and analysed using the Shimadzu Class-VP Chromatography Laboratory Automated Software system. Standard samples of α, β, γ, and δ isomers of tocopherol (Sigma Chemical Co., St. Louis, Mo., USA) were dissolved in hexane and used for the identification and quantification of peaks. The amount of tocopherols in the oils was calculated as mg tocopherols in kg oil using external calibration curves (r=0.999), which were obtained for each tocopherol standard. All chromatographic analysis was carried out in three replications and the results were averaged.
Determination of tocopherol composition. Tocopherols (α-
,
Extraction and determination of phenolic compounds.
Phenolics of the olive oil samples were isolated from a solution of oil extract in hexane by triple-extraction with water:methanol (80:20, v/v) . Detection and quantification were carried out with a SCL10Avp System controller, a SIL-10AD vp Autosampler, a LC-10AD vp pump, a DGU-14a degasser, a CTO-10 A vp column heater, and a diode array dedector with wavelengths set at 278 nm. The 250 × 4.6 mm i.d., 5 μm column used was filled with Luna Prodigy, 5μ. The flow rate was 1 ml min -1 , the injection volume was 10 μl and the column temperature was set at 30 ºC. Gradient elution of two solvents (solvent A: acetic-water (2:98, v/v), solvent B: methanol) was used. The data were integrated and analysed using the Shimadzu Class-VP Chromatography Laboratory Automated Software system. The amount of phenolic compounds in the extract was calculated as mg/100 g -1 herb using external calibration curves, constructed for each pure phenolic standard. All extractions and chromatographic analysis was carried out in three replications and the results were averaged.
Extraction and determination of volatile compounds.
Approximately 3 g of the oil samples were inserted into a 20 ml headspace screw top vial and allowed to equilibrate for 10 min at 40 ºC. The headspace of the samples was extracted for 40 min at 40 ºC using a CTC Combi PAL auto sampler equipped with 75 μm carboxen/polydimethylsiloxane (CAR/ PDMS) solid phase microextraction (SPME) fibre. The volatile compounds were desorbed Acta Alimentaria 43, 2014 by directly inserting the fibre for 10 min into the injection port of the gas chromatography maintained at 250 ºC.
Analyses of volatile compounds were performed using an Agilent model 7890 Series gas chromatograph in combination with a CTC Combi PAL autosampler and an Agilent 5975 N mass selective detector. The compounds were separated in a GC column (DB-624, J&W Scientific, 30 m, 0.25 mm i.d., 1.4 μm film thickness) set up at the following temperature programme: 40 ºC, hold for 5 min; 3 ºC min -1 up to 110 ºC; 4 ºC min -1 up to 150 ºC; 10 ºC min -1 up to 210 ºC, hold for 12 min. The temperatures for the injection port, ion source, quadrupole and interface were set at 250, 230, 150 and 240 ºC, respectively. Mass spectra were obtained in the electron impact at 70 eV in full scan and a scan range from m/z 41-400. Identification of the constituents was based on a comparison of the retention times with those of authentic reference compounds, by means of their Kovats Index (KI) relative to the series of n-hydrocarbons (C4-C20); and on computer matching against NIST and WILEY library mass spectra. All extractions and chromatographic analysis was carried out in three replications and the results were averaged.
Statistical analysis.
Results of the research were tested for statistical significance by one-way ANOVA. Differences were considered statistically significant at the P ≤ 0.01 level.
Results and discussion
Some physicochemical parameters of olives having different RI are shown in Table 1 . Ripening indices of olives were 1.93 (unripe), 4.28 (ripe) and 5.89 (overripe). A decrease was observed in the water and oil content of olives from the last harvesting period and total oil content of olives increased together with the increase of maturity. Differences on water content and oil content on dry basis may be from the result of ripening (MOtilva et al., 2000) . While ripening index of olives was found to be statistically important at the 0.05% level, oil content on dry basis was not. Differences on water content of ripe and overripe samples were significantly different, but unripe was not significantly different from ripe or overripe. In addition, the difference between fruit weights of ripe and overripe olives was not found important at the 0.05% level, but unripe samples had the lowest weight. The results for some physicochemical properties of olive oils are shown in Table 2 . Total chlorophyll, total carotenoid and pheophytin a contents of olive oils decreased markedly during ripening. Differences in pigmentation have been statistically significant. Gutiérrez and co-workers (1999) found a decrease in total chlorophyll and carotenoid contents with maturation. A similar trend was observed by Ozkan and co-workers (2008) and dOlGun and co-workers (2010). The peroxide value changed from 8.02 to 8.20 meq O 2 /kg -1 oil during ripennig and no significant differences were observed with maturation. The peroxide values of these oils are below the limit of 20 meq kg -1 . According to the literature, there were no changes in peroxide value of oils of Nostrana di Brisighella cultivar with maturation (rOtOndi et al., 2004) . Free acidity content ranged between 0.52 and 0.93 (as oleic acid %), only one sample from the last harvesting period exceeded the limit of 0.8, which is an accepted standard for extra natural virgin olive oil (anOn., 2006) . Differences among acidities were found to be statistically important at the 0.05% level and similar behaviour with ripening was reported by Gutiérrez and co-workers (1999) and rOtOndi and co-workers (2004). The fatty acid compositions varied among samples from different harvesting period (Table 3 ). The major fatty acids were oleic (56.76-66.37%), palmitic (14.01-20.15%) and linoleic (9.17-13.64%). Minor ones were stearic, cis-vaccenic (C18:1n-7), palmitoleic, heptadecanoic and arachidic acids. These results are in agreement with those obtained by Gutiérrez and co-workers (1999) , Ozkan and co-workers (2008) and dOlGun and co-workers (2010).
The α-, β-and γ-tocopherol contents changed with maturation and ranged between 128.35-154.50, 0.90-5.45 and 0.80-1.20 ppm in oil, respectively (Table 4) . These values were similar for organic and conventional Gemlik olive oils (Ozkan et al., 2008; dOlGun et al., 2010) . Particularly important was the decrease in the amount of α-, β-and γ-tocopherol contents obtained for Gemlik olive cultivar from second and third harvesting period as compared to that obtained from the first harvesting period of the same cultivar. However, γ-tocopherol decreased only slightly during ripening. Statistically important differences were found for β-tocopherols at a 0.05% level. While a-tocopherol of unripe and γ-tocopherol of overripe samples were statistically different, there were no differences between α-tocopherols of ripe and overripe samples and γ-tocopherols of unripe and ripe ones. Gutiérrez and coworkers (1999) found a decrease in α-tocopherol content of the oils from Picual cultivar during ripening. Changes in the content of total phenols, antiradical and oxidation stability of oils are shown in Table 5 . The total phenol content of oils ranged from 166.25 to 227.80 mg gallic acid/kg oil. These results were similar for organic and conventional Gemlik olive oils (Ozkan et al., 2008; dOlGun et al., 2010) . Statistically significant differences were found among total phenol contents of olive oils at different ripening stage (P≤0.05). The highest total phenol content was found in unripe oil and it decreased during ripening in our study. Our results are in agreement with the findings of GiMenO and co-workers (2002) . The oils showed high initial concentration of o-diphenols, which underwent a significant decrease until the second and third harvesting period. These results showing the loss of o-diphenols as ripening progresses are in accordance with the data of rOtOndi and co-workers (2004). Antiradical activity of oil samples varied with respect to the ripening of olive fruits and statistically important differences were found among them. The strongest free radicalscavenger effect was determined in oils from the first harvesting time and the lowest effect was in the oils from the second and third harvesting time. BOnOli and co-workers (2004) found that antiradical power of olive oils decreased when ripening increased.
Oxidation stability of oils also varied from 35.87 to 22.05 hours at 110 ºC. In general, induction periods of oils decreased as fruits ripened. The oils showed a sharp loss of stability after the first harvest period. The results were in agreement with results from the literature (Gutiérrez et al., 1999; rOtOndi et al., 2004) .
Tyrosol, hydroxytyrosol, vanillin, vanillic acid, p-coumaric acid, ferulic acid, cinnamic acid, quercetin and luteolin were found as pheolics in olive oils of Gemlik cultivar at different stages of ripening (Table 6 ). The contents of all phenolics were significantly affected by the ripening. The content of tyrosol ranged from 0.69 to 1.91 mg kg -1 and hydroxytyrosol content varied between 0.35 and 0.91 mg kg -1 . Our results were lower than data of OCakOGlu and co-workers (2009) for Gemlik olive oil. Hydroxytyrosol content of oils increased with ripening, however, tyrosol decreased at the last harvest time. Concentration of hydroxytyrosol is generally found low in freshly extracted oils (eSti et al., 1996) . Concentrations of vanillin Acta Alimentaria 43, 2014 (from 0.41 to 0.69) were high at the oils from first harvesting olives, whereas were low at the oils from second and last harvesting. MOrellO and co-workers (2004) also found that the content of vanillin decreased when ripening increased.
Some phenolic acids were already described in the Turkish olive oils, such as vanillic, p-coumaric, ferulic and cinnamic acids (OCakOGlu et al., 2009 ). Vanillic acid is the major phenolic acid found in oil samples analysed. Vanillic acid concentration decreased with maturation in olive oil samples. Our results are in agreement with the results of MOrellO and co-workers (2004) . Interestingly, ferulic acid was found in one oil sample only from unripe olives first harvested.
Quercetin and luteolin were determined as flavonoids in olive oils. The quercetin concentration of oils was noticeably lower and showed little variations during maturation as mentioned by BOuaziz and co-workers (2004). The luteolin content showed increase in oils from first harvest to second harvest time, but after that it had sharply decreased. MOrellO and co-workers (2004) observed varying luteolin contents at different maturation levels, but no linear correlation was found between its content and the maturation level.
The volatile compounds are shown in Table 7 . Major compounds are C 6 aldehydes, hexanal, and trans-2-hexenal and their amounts changed with maturation. Trans-2-hexenal showed the highest amount at the second harvest time, however, hexanal was the highest at the last harvest time. The contents of these compounds varied during ripening, but a clear trend was not observed for the Gemlik cultivar. kalua and co-workers (2005) have reported similar trends for Leccino, Barnea, Manzanilla, Mission, Corregiola and Paragon. The content of trans-2-hexenal reached its maximum level at the second harvest time and then decreased in Cerasuola, Biancolilla and Nocellara del Belice olive cultivars (BaCCOuri et al., 2008) . This decrease after reaching a maximum level of trans-2-hexenal may be explained by a lower activity of the enyzmes involved in their production (anGerOSa & BaSti, 2001) .
The minor C 6 esters cis-3-hexenyl acetate and hexyl acetate were found in the oil samples. The amount of these esters increased from the first harvest to the second one in the oil samples. kandyliS and co-workers (2011) also found a significant increase in the amount of these esters from the first harvested olives to the second harvested ones in Cretan and Tunisian olive oils.
1-penten-3-one and trans-2-pentenal are C 5 compounds contributing fruity, sweet, and pleasant attributes to olive oil (BaCCOuri et al., 2008) . 1-penten-3-one is basically found in oils from unripe olives (kalua et al., 2005) . The content of 1-penten-3-one ranged between 5.25-10.30%. 1-penten-3-one decreased markedly during olive ripening. Similar behaviour was observed for 1-penten-3-one of the oils of cultivars of Nocellara del Belice and Sfax (non-irrigated) and for trans-2-pentenal of the oils of Chétoui (irrigated) and Sfax olive cultivars during ripening (BaCCOuri et al., 2008; kandyliS et al., 2011) . Pentene dimers, 3-ethyl-1,5-octadienes, were also determined in olive oil samples. The content of these compounds decreased during the maturation process in oil samples. Work by BaCCOuri and co-workers (2008) demonstrated that these dimers were affected by and decreased with maturation.
